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Abstract:We discuss gauge and Yukawa unication in the context of a supersymmetric model with
bilinear R{parity violation. We show that this model allows b−  Yukawa unication for any value of
tan while satisfying perturbativity of the couplings. We also nd the t − b −  Yukawa unication
easier to achieve than in the MSSM, occurring in a wider high tan region. Finaly, we also discuss
the compatibility between the predicted and the measured values for s(MZ).
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1. Introduction
The Standard Model (SM) of particle physics
is very successful in describing the interactions
of the elementary particles, except possibly neu-
trinos. Although it is regarded as a good low-
energy eective theory, the SM has many the-
oretical problems. Its gauge symmetry group
is the direct product of three groups SU(3) 
SU(2) U(1) and the corresponding gauge cou-
plings are unrelated. It does not explain the
three family structure of quarks and leptons, and
their masses are xed by arbitrary Yukawa cou-
plings, with neutrinos being prevented from hav-
ing mass. The Higgs sector, responsible for the
symmetry breaking and for the fermion masses,
has not been tested experimentally and the mass
of the Higgs boson is unstable under radiative
corrections.
In supersymmetry (SUSY) [1] the Higgs bo-
son mass is stabilized under radiative corrections
because the loops containing standard particles
are partially canceled by the contributions from
loops containing SUSY particles. If to the Min-
imal Supersymmetric Standard Model (MSSM)
[2] we add the notion of Grand Unied The-
ory (GUT), then we nd that the three gauge
couplings approximately unify at a certain scale
MGUT [3]. Indeed, measurements of the gauge
couplings at the CERN e+e− collider LEP and
neutral current data [4] are in much better agree-
ment with the MSSM{GUT with the SUSY scale
MSUSY < 1 TeV [5], as compared with the SM.
Besides achieving gauge coupling unication
[6], GUT theories also reduce the number of free
parameters in the Yukawa sector. For example,
in SU(5) models, the bottom quark and the tau
lepton Yukawa couplings are equal at the uni-
cation scale, and the predicted ratio mb=m at
the weak scale agrees with experiments. Further-
more, a relation between the top quark mass and
tan = vu=vd, the ratio between the vacuum ex-
pectation values of the two Higgs doublets is pre-
dicted. Two solutions are possible, characterized
by low and high values of tan [7]. In models
with larger groups, such as SO(10) and E6, both
the top and bottom Yukawa couplings are uni-
ed with the tau Yukawa at the unication scale
[8]. In this case, only the large tan solution
survives.
In this talk we describe some recent results
[9], that show that the minimal extension of the
MSSM{GUT [10] in which R{Parity Violation
(RPV) is introduced via a bilinear term in the
MSSM superpotential [11, 12], allows b- Yukawa
unication for any value of tan. We also ana-
lyze the t-b- Yukawa unication and nd that it
is easier to achieve than in the MSSM, occurring
in a slightly wider high tan region. We also ad-
dress the question of the compatibility between
the predicted and measured value for s(MZ) in
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the MSSM and in the bilinear RPV model.
2. Description of the Model




bQai bUj bHbu+hijD bQbi bDj bHad+hijE bLbi bRj bHad
− bHad bHbu + ibLai bHbui (2.1)
where i; j = 1; 2; 3 are generation indices, a; b =
1; 2 are SU(2) indices. This superpotential is
motivated by models of spontaneous breaking of
R{Parity [13]. Here R{Parity and lepton num-
ber are explicitly violated by the last term in
Eq. (2.1).
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eQai eUjHbu +AijD eQbi eDjHad
+AijE
eLbi eRjHad−BHadHbu+BiieLaiHbui :(2.2)
The bilinear R-parity violating term cannot be
eliminated by supereld redenition. The rea-
son [14] is that the bottom Yukawa coupling, usu-
ally neglected, plays a crucial role in splitting the
soft-breaking parameters B and Bi as well as the
scalar masses m2Hd andM
2
L, assumed to be equal
at the unication scale.
The electroweak symmetry is broken when the


































2v2 ; m2Z =
1
4 (g
2 + g02)v2 (2.6)
where
v2  v2d + v2u + v21 + v22 + v23 = (246 GeV)2 (2.7)
We introduce the following notation in spherical
coordinates:
vd = v sin 1 sin 2 sin 3 cos
vu = v sin 1 sin 2 sin 3 sin
v1 = v sin 1 sin 2 cos 3
v2 = v sin 1 cos 2
v3 = v cos 1
which preserves the MSSM denition tan =
vu=vd. The angles i are equal to =2 in the
MSSM limit.







+ VD + Vsoft + VRC (2.8)
where zi denotes any one of the scalar elds in
the theory, VD are the usual D-terms, Vsoft the
SUSY soft breaking terms, and VRC are the one-
loop radiative corrections.
In writing VRC we use the diagrammatic method
and nd the minimization conditions by correct-
ing to one{loop the tadpole equations. This me-
thod has advantages with respect to the eective
potential when we calculate the one{loop cor-








i  t0 ; (2.9)












and  = d; u; 1; 2; 3. The one loop tadpoles are
t = t
0
 − tMS + T(Q)
= t0 + T
MS
 (Q) (2.11)
where TMS (Q)  −tMS + T(Q) are the nite
one{loop tadpoles.
In the following we will consider the one gener-
ation version of this model, where only 3 6= 0.
Then v1 = v2 = 0 if 1 = 2 = 0.
3. Main Features
The {model is a one(three) parameter(s) gener-
alization of the MSSM. It can be thought as an
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Figure 1: Ratio of the lightest CP-even Higgs bo-
son mass mh in the {model and in the MSSM as a
function of v3.
eective model showing the more important fea-
tures of the SBRP{model [13] at the weak scale.
The mass matrices, charged and neutral currents,
are similar to the SBRP{model if we identify
  vRh (3.1)
The R{Parity violating parameters 3 and v3 vi-
olate tau{lepton number, inducing a non-zero 
mass m / (v3 + 3vd)2, which arises due to
mixing between the weak eigenstate  and the
neutralinos. The e and  remain massless in
rst approximation. They acquire masses from
supersymmetric loops [15, 16] that are typically
smaller than the tree level mass.
The model has the MSSM as a limit. This
can be illustrated in Figure 1 where we show the
ratio of the lightest CP-even Higgs boson mass
mh in the {model and in the MSSM as a func-
tion of v3. Many other results concerning this
model and the implications for physics at the ac-
celerators can be found in ref. [11, 12].
4. Radiative Breaking
4.1 Radiative Breaking in the model: The
minimal case
At Q =MGUT we assume the standard minimal
supergravity unications assumptions,
At = Ab = A  A ;
















M3 =M2 =M1 =M1=2 (4.1)
In order to determine the values of the Yukawa
couplings and of the soft breaking scalar masses
at low energies we rst run the RGE's from the
unication scale MGUT  1016 GeV down to the
weak scale. We randomly give values at the uni-
cation scale for the parameters of the theory.
10−2  h2t GUT =4  1
10−5  h2bGUT =4  1
−3  A=m0  3
0  2GUT =m20  10
0  M1=2=m0  5
10−2  23GUT =m20  10
(4.2)
The value of h2GUT =4 is dened in such a way
that we get the  lepton mass correctly. As the
charginos mix with the tau lepton, through a















Imposing that one of the eigenvalues reproduces










where the i , i = 1; 2, depend on m , on the
SUSY parametersM;; tan and on the R-Pari-




i = 0 (4.5)
After running the RGE we have a complete set of
parameters, Yukawa couplings and soft-breaking
masses m2i (RGE) to study the minimization. To
do this we use the following method [10]:
3
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1. We start with random values for ht and hb
atMGUT . The value of h atMGUT is xed
in order to get the correct  mass.
2. The value of vd is determined from mb =
hbvd=
p
2 formb = 2:8 GeV (running bmass
at mZ).
3. The value of vu is determined from mt =
htvu=
p







m2W = (246 GeV)
2 (4.6)
then we go back and choose another start-






m2W − v21 − v22 (4.7)
We see that the freedom in ht and hb at MGUT
can be translated into the freedom in the mix-
ing angles  and . Comparing, at this point,
with the MSSM we have one extra parameter .
We will discuss this in more detail below. In
the MSSM we would have  = =2. After doing
this, for each point in parameter space, we solve
the extremum equations, for the soft breaking
masses, which we now call m2i (i = H1; H2; L).
Then we calculate numerically the eigenvalues for
the real and imaginary part of the neutral scalar
mass-squared matrix. If they are all positive, ex-
cept for the Goldstone boson, the point is a good
one. If not, we go back to the next random value.
As before, we end up with a set of solutions for
which the m2i obtained from the minimization of
the potential dier from those obtained from the
RGE, which we call m2i (RGE). Our goal is to
nd solutions that obey
m2i = m
2
i (RGE) 8i (4.8)










We see that we have always
  1 (4.10)
and use MINUIT to minimize . We have shown
[10] that it is easy to get solutions for this prob-
lem.
Before we nish this section let us discuss the
counting of free parameters. In the minimal N=1
supergravity unied version of the MSSM this is
shown in Table 1. The counting for the {model
is presented in Table 2. Finally, we note that in
either case, the sign of the mixing parameter 
is physical and has to be taken into account.
Parameters Conditions Free Parameters
ht, hb, h mW , mt tan
vd, vu,M1=2 mb, m 2 Extra
m0, A,  ti = 0, i = 1; 2 (e.g. mh, mA)
Total = 9 Total = 6 Total = 3
Table 1: Counting of free parameters in N=1 super-
gravity MSSM.
Parameters Conditions Free Parameters
ht, hb, h mW , mt tan, i
vd, vu, M1=2 mb, m
m0,A,  ti = 0 2 Extra
vi, i (i = 1; : : : ; 5) (e.g. mh, mA)
Total = 15 Total = 9 Total = 6
Table 2: Counting of free parameters in our model.
4.2 Yukawa Unication in the  model: I
Motivation
There is a strong motivation to consider GUT
theories where both gauge and Yukawa unica-
tion can achieved. This is because besides achiev-
ing gauge coupling unication, GUT theories can
also reduce the number of free parameters in the
Yukawa sector and this is normally a desirable
feature. The situation with respect to GUT the-
ories that embed the MSSM can be summarized
as follows [7, 8]:
 In SU(5) models, hb = h at MGUT . The
predicted ratio mb=m at MWEAK agrees
with experiments.
 A relation between mtop and tan is pre-
dicted. Two solutions are possible: low and
high tan .
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 In SO(10) and E6 models ht = hb = h at
MGUT . In this case, only the large tan
solution survives.
 Recent global ts of low energy data (the
lightest Higgs mass and B(b ! sγ)) to
MSSM show that it is hard to reconcile
these constraints with the large tan so-
lution. Also the low tan solution with
 < 0 is also disfavored.
In the following sections we will show [9] that
the {model allows b −  Yukawa unication for
any value of tan and satisfying perturbativity
of the couplings. We also nd the t−b− Yukawa
unication easier to achieve than in the MSSM,
occurring in a wider high tan region.
4.3 Yukawa Unication in the  model: II
The Method









where the i , i = 1; 2, depend on m , on the
SUSY parametersM;; tan and on the R-parity
violating parameters 3 and v3. Also ht and hb










v = 2mW =g ; tan = vu=vd ; cos  = v3=v
(4.13)
In our approach we divide the evolution in three
ranges:
1. mZ ! mt
We use running fermion masses and gauge
couplings.
2. mt !MSUSY
We use the two-loop SM RGE's including
the quartic Higgs coupling .
3. MSUSY !MGUT
We use the two-loop RGE's.
Using a top ! bottom approach we randomly
vary the unication scale MGUT and the unied
coupling GUT looking for solutions compatible
with the low energy data [17]
−1em(mZ) = 128:896 0:090
sin2 w(mZ) = 0:2322 0:0010
s(mZ) = 0:118 0:003 (4.14)
We get a region centered around
MGUT  2:3 1016GeV ; GUT−1  24:5
(4.15)
Next we use a bottom ! top approach to study
the unication of Yukawa couplings using two-
loop RGEs. We take [17]
mW = 80:41 0:09 GeV
m = 1777:0 0:3 MeV
mb(mb) = 4:1 to 4:5 GeV (4.16)
We calculate the running masses
m (mt) = 
−1




where  and b include three{loop order QCD
and one{loop order QED [18]. At the scale Q =
mt we keep as a free parameter the running top
quark mass mt(mt) and vary randomly the SM
quartic Higgs coupling . In solving the RG
equations we take the following boundary con-
ditions:
1. At scale Q = mt
2i (mt) = 2m
2
i (mt)=v
2 ; i = t; b;  (4.18)
2. At scale Q =MSUSY
t(M
−
SUSY ) = ht(M
+
SUSY ) sin sin 
b(M
−
SUSY ) = hb(M
+
SUSY ) cos  sin 
 (M
−
SUSY ) = h (M
+






where hi denote the Yukawa couplings of
our model and i those of the SM. The
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Figure 2: Top quark mass as a function of tan for
dierent values of the R{Parity violating parameter
v3. Bottom quark and tau lepton Yukawa couplings
are unied atMGUT . The horizontal lines correspond
to the 1 experimental mt determination. Points
with t− b−  unication lie in the diagonal band at
high tan values. We have taken MSUSY = mt.









(cos 2 sin2  + cos2 )2 (4.20)
The MSSM limit is obtained setting  !
=2 i.e. v3 = 0.
Before we close this section we give some details
of the calculation. At the scale Q = MSUSY we
vary randomly the SUSY parameters M ,  and
tan, as well as the R{Parity violating parame-
ter 3. The parameter v3 = v cos  is calculated
from the boundary conditions. Since  (or equiv-
alently the SM Higgs mass m2H = 2v
2) is varied
randomly, in practice we also scan over . This
way, we consider all possible initial conditions for
the RGEs at Q =MSUSY , and evolve them up to
the unication scale Q = MGUT . The solutions
that satisfy b−  unication are kept.
4.4 Yukawa Unication in the  model: III
Results and Discussion
The results are summarized in Figure 2 where
we present the top quark mass as a function of
tan for dierent values of the R{Parity violat-
ing parameter v3. Bottom quark and tau lepton
Yukawa couplings are unied atMGUT . The hor-
izontal lines correspond to the 1 experimental
mt determination. Points with t− b−  unica-
tion lie in the diagonal band at high tan values.
We have taken MSUSY = mt. The dependence
of our results on s and mb is totally analogous
to what happens in the MSSM. The upper bound
on tan, which is tan < 61 for s = 0:118,
increases with s and becomes tan < 63 (59)
for s = 0:122 (0.114). The top mass value for
which unication is achieved for any tan value
within the perturbative region increases with s,
as in the MSSM. As for the dependence on mb,
if we consider mb(mb) = 4:1 (4.5) GeV then
the upper bound of this parameter is given by
tan < 64 (58). In addition, the MSSM region
is narrower (wider) at high tan compared with
the mb(mb) = 4:3 GeV case. The line at high
tan values corresponds to points where t−b−
unication is achieved. Since the region with
jv3j < 5 GeV overlaps with the MSSM region,
it follows that t− b−  unication is possible in
this model for values of jv3j up to about 5 GeV,
instead of 50 GeV or so, which holds in the case
of bottom-tau unication.
5. On 3(MZ) versus sin
2 W (MZ)
Recent studies [19] of gauge coupling unication
in the context of minimal R{Parity conserving
supergravity (SUGRA) agree that using the ex-
perimental values for the electromagnetic cou-
pling and the weak mixing angle, the prediction
obtained for s(MZ)  0:1290:010 is about 2
larger than indicated by the most recent world
average value s(MZ)
W:A = 0:11890:0015 [20].
We have re-considered the s prediction in
the context of the model with bilinear break-
ing of R{Parity. We have shown [21], that in
this simplest SUGRA R{Parity breaking model,
with the same particle content as the MSSM,
there appears an additional negative contribu-
tion to s, which can bring the theoretical pre-
diction closer to the experimental world average.
This additional contribution comes from two{
loop b{quark Yukawa eects on the renormaliza-
tion group equations for s. Moreover we have
6
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Figure 4: s(MZ) versus s^Z for the bilinear 6Rp
model.
shown that this contribution is typically corre-
lated to the tau{neutrino mass which is induced
by R{Parity breaking and which controls the R-
Parity violating eects. We found that it is possi-
ble to get a 5% eect on s(MZ) even for light 
masses. The results are summarized in Figure 3
where we present the situation for the MSSM and
in Figure 4 where the results for the bilinear R{
Parity breaking model are shown.
6. Conclusions
The bilinear R{Parity model is a minimal ex-
tension of the MSSM with many new features,
among which the possibility of having masses for
the neutrinos. We have shown that it is possible
to incorporate these models in a N=1 SUGRA
scenario, where the number of free parameters
is reduced. In these so{called radiative break-
ing scenarios we showed that this model allows
b −  Yukawa unication for any value of tan
while satisfying perturbativity of the couplings.
We also nd the t − b −  Yukawa unication
easier to achieve than in the MSSM, occurring
in a wider high tan region. By performing a
full two{loop calculation [21] we also have shown
that in this model there appears an additional
negative contribution to s, which can bring the
theoretical prediction closer to the experimental
world average. Although we presented here only
the one generation example, we have achieved
also the above results in the full three generation
case. In this situation we can get at one{loop
non zero values for the masses of the two lightest
neutrinos which very interesting in the context of
solving the solar and atmospheric neutrino prob-
lems [16].
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